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UNDOPED AND DOPED FUEL OILS AND ALCOHOL MIXTURES 
By Charles S. Moore and Hampton H. Foster 



SUMMARY 



Several fuel oils, doped fuel oils, and mixtures of 
alcohol and fuel oil were tested In a high-speed, single- 
cylinder, compression-ignition engine to determine power 
output, fuel consumption, and ignition and combustion 
characteristics . 

Fuel oils or doped fuel oils of high oetane number 
had shorter ignition lags, lower rates of pressure rise, 
and gave smoother engine operation than fuel oils or doped 
fuel oils of low cetane number. Higher engine rotative 
speeds and boost pressures resulted in smoother engine op- 
eration and permitted the use of fuel oils of relatively 
low oetane number. Although the addition of a dope to a 
fuel oil decreased the ignition lag and the rate of pres- 
sure rise, the ensuing rate of combustion was somewhat 
slower than for the undoped fuel oil bo that the effective- 
ness of combustion was practically unchanged. 

Alcohol used as an auxiliary fuel, either as a mixture 
or by separate injection, Increased the rates of pressure 
rise and induced roughness. In general, the power output 
decreased as the proportion of alcohol increased and, be- 
low maximum power, varied with the heating value of the 
total fuel charge, 

INTRODUCTION 



Most published experimental investigations of fuels 
for compression-ignition engines have been principally 
concerned with ignition characteristics while engine power 
and economy were given but slight consideration (references 
1, 2, 3, and 4). In order to improve the ignitibility of 
fuel oils, various compounds have been added for the spe-" 
cifio purpose of reducing the ignition lag (reference 6). 
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The possibility has been suggested that- fuel dopes might 
be added or superior fuels obtained which will enable a 
greater part of the fuol charge to be burned during the 
early part of the expansion stroke. Jrench reports (ref- 
erences 6 and 7) indicate that tho use of ethyl alcohol 
as an auxiliary fuel appreciably improved tho engine powor 
and tho ignition characteristics and dooreased tho rate of 
pressure riao and the maximum cylinder pressure* 

The purpose of the work presented in this report was 
to determine the ignition, the combustion, and tho engine- 
performance characteristics of several fuol oils, to de- 
termine tho offoct of adding fuel dopes, and to test tho 
value of alcohol and gasolino as auxiliary fuels. The re- 
sults have been accumulated from tests of new fuels as 
they bocame available. Soma of tho fuel dopes submittod 
by private investigators were considered to be ignition 
and combustion accelerators. Many of the fuels were exam- 
ined by the TT.S. Naval Engineering Exporimont Station at 
Annapolis, Md. , to dotormino their physical-chomloal prop- 
erties and, especially, their cetano numbers. Tho ongino 
tests reported . heroin were siado by the N.A.C.A. during 
1936, 1937, and 1938. 



FUELS 



Tho fuoxa testod are roadily classified into three 
distinct groups: 

1. ffuol oils.. ... 

2. Coped fuol oils. 

3. Auxiliary fuels. 



Tablo I shows the properties of the fuels of groups 1 and 
2 as determined by the Naval Engineering Experiment Sta- 
tion. Tor the determination of the ootano number, tho 
constant-ignition-lag method and the modified magnotic 
pick-up mothod (reforoncos 1 and 2) woro usod on a com- 
pression-ignition conversion unit of tho C.E.E. ongino 
with tho turbulont-typo combustion chamber. 

Fuol oils. - Fuel 1 is the laboratory fuel oil used by 
tho H.A.C.A. for routine ongino tests. It is a distillate 
from a Pennsylvania or equivalent crude oil, (This fuel, 
is similar to fuel 2 of reference 8.) 
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Tuel 2 is U.S. Navy K-306, specified for aircraft 
compre.ssion-ignit ion engines. 

Tuel 3 is a commercial marine fuel oil sold on the 
Atlantic seaboard of the United States* 

Tuel 4 is U.S. Navy 7-0-2C, specified for general 
use in submarines and small boats. 

Tuel 5 is No. 3 furnace oil purchased for boiler hoat 

ing. 

Poped fuel oils. - Tuel 6 was obtained by adding 1 
porcent of ethyl nitrate to the No* 3 furnace oil. 

Tuel 7 was obtained by adding 2.5 percent of iso-amyl 
nitrate to the laboratory fuel oil (i.e., to fuel 1)* 

Tuol 8 (properties not given in table) was obtained 
by adding 4 percent of totranitr ometh.ano to the laboratory 
fuel oil. 

. Auxiliary fuels. - Tuel 9 (see table I) was a mixture 
of laboratory fuel oil and 25 percent by volume of 87 oc- 
tane gasoline (U.S. Army Specification No. 2-92, Grade 87) 

Tuel 10 (properties not given in table) was labora- 
tory fuel oil and commercial othyl alcohol of 92 percent 
purity by w eight. Alcohol was used in proportions of 10, 
25, 40, and 80 porcent by volumo of the total fuel charge 
when the total charge was mixed by constant agitation and 
injected from a single valve*. When tho main and the aux- 
iliary fuels wore injected separately from two valvos, 
equal weights of alcohol and fuel oil wore usod. Eocont 
information had indicated this . proportion to bo the best 
from considerations of power. 



TUEL- INJECTION SYSTEMS 



Tor tho fuel oils,. the dpppd. fupl oIIb, and tho gaso- 
lino-fuol oil mixture, only one fuel-injection pump and 
one valve woro usod. Tho pump was cam operated and had 
a constant plunger displacement with constant start and 
variable cut-off of injection. Tiguro 1 shows the arrange 
ment -of tho fuel-spray axes and the combustion chambor 
used* Tor a fuol quantity of 0.00035 pound per cyclo in- 
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jeoted at 3,000 r.p.m. engine spaed,- the injection period 
was 23 crank degrees as determined by observations with a 
stroborama, a stroboscope of tho electrical-discharge typo. 

This fuel-in Joction syston was also usod whon tho al- 
cohol and tho fuel oil wero nixed beforo injection. Owing 
to inniscibility of tho alcohol and tho fuol oil, constant 
agitation by a snail high-spaed gear punp was roquirod to 
naintain a uniforn nixturo in tho fuel tank* The uniforn- 
ity of tho nixturo injected into the ongino was chookod by 
catching sanples of tho nixturo in a bottle as it was in- 
jected by tho fuol valve into tho air» Tho specific grav- 
ity of tho snnplos indicated that the nixturo was within 
±1 porcont of tho dosirod proportions. 

ffor tho engine tosts in which tho alcohol and tho fuol 
oil woro separately lnjootod, two separate f uol-inj oot ion 
pucps and valvos were used; each punp had an indopondent 
tining dovice. Figure 2 shows the arrangement of tho axos 
of tho two fuol sprays. The arrangonont of tho aloohol 
spray was chosen to give a reasonably uniform distribution 
throughout the conbustion chamber without consideration of 
the interference of the fuel-oil and the alcohol sprays* 



Tho displacor-pist on combustion chamber and tho fuel- 
oil spray arrangement used in those tosts (boo fig. 1) 
havo been complotoly described in reforoncos 9 and 10. 
The moro important parts of the tost unit and standard 
test conditions woro as follows: 

Engino Singlo-cylindor , 4-stroko- 



TEST EITOINE AffD TESTS 



oyclo, 5-inch bore by 7- 
inch stroko, (157.5 ou. in. 
displacement) . 



Engino speed 



3,000 r.p.m* 



Comprossion ratio 



14.5. 



Valvo timing 



Inlet opons 27° B.T.C. 
Inlet cIosob 28° A. B.C. 
Exhaust opens 66° B.B.O. 
Exhaust closos 41° A.T.C. 
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Operating temperatures • . . Water (out), 170° P.; 

lubricating oil (out), 165° P. 

Puol-in ject ion valves..,. H.A.C.A. automatic, spring- 
loaded to 3,500 pounds per 
square inch opening pres- 
sure . 

Pull-load fuel quantity.. Fuel-air ratio <= 0.069. 

Power measurement and — 

absorption Electric dynamometer unit. 

Air- and fuel-consumption 

measurements.......... Gasomotor with synchronized 

electrically operated stop 
watches and revolution 
countors. 

Indicator.. Modifiod Parnboro for indi- 

cator cards. 

Maximum cylinder-pressure 

moasuromont. Trappod-prossuro valve and. 

prossure gago ; indicator 
card for balanced pros- 
■ suros. 

Por each fuel oil, doped fuel, or auxiliary fuel, on- 
gino-porf ormanco tests woro made at 2,000 r.p.m. for vari- 
ous fuel quantities to determine tho power and tho fuel 
consumption. S!ho maximum oylindor prossure, the ignition 
lag, and the rate of pressure rise wore determined from in- 
dicator cards. Tho injection advance anglo was hold con- 
stant at 12.0° before top centor for tho determination of 
ignition lag at 2,000 r.p.n. With a 5- by 6- inch oyl- 
indor and other oquipnont as before, supplementary tests 
woro made with a fuel of low cotano numbor (furnace oil) 
at engine speeds from 1,000 to 2,400 r.p.n. and for boost 
prossuros from 0 to 20 inches. of mercury at 2,000 r.p.m. 

Indicator cards for tho laboratory fuol, tho labora- 
tory fuel plus 2.5 porcont iso-amyl nitrato, the Ho. 3 
furnace oil, and tho Ho. 3 furnaco oil plus 1 percent 
ethyl nitrato were analyzed to dotornino tho total amounts 
of of f octivo fuol burnod during various crank anglos of tho 
expansion stroke. By "effective fuel burned 1 * is meant tho 
combustion of the quantity of fuol required to produco the 
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change in enthalpy (total heat) rocordod on tho indicator 
diagrams ; tho torn does not include the fuel dissipated as 
heat losses. 



EESTJXTS AND DISCUSSION 
tfuol Oils 



Tho indicator card of figure 3 is typical for tho un- 
dopod fuel oils (group 1) used in oach particular tost. 
The card shows not only the pressure-time rocord fo'r tho 
standard injection advance anglo out also tho rotardod-in- 
Joction record required to determine tho braak-away from 
the compression line at tho start of "burning. Figuro 3 
can he considered a roforence card hocauso the fuel was 
tho standard laboratory fuel oil and has a reasonably high 
ootano number, 62* Tho break-away on all of tho cards is 
a gradual change in slopo except for No* 3 furnaco oil (fig* 
4). Por the No* 3 furnaco oil, the break-away is much moro 
abrupt. All of tho cards in this group excopt that for tho 
furnace oil show two distinct ratos of prossuro rise* Tho 
first rate (and tho only rate for tho furnaco oil) is at- 
tributod to tho rapid burning of tho fuel accumulated dur- 
ing tho ignition lag. The second, slower rato occurs up 
to tho timo of cut-off of injootion.' On tho indicator 
card for No* 3 furnaoo oil, a dofinite reduction in com- 
pression prossuro occurs at top contor, owing to tho fuel 
vaporization and the cooling of tho air charge. 

Tho different combustion characteristics of the sev- 
eral fuels are shown in table II, which gives detailed nu- 
merical results obtained from an analysis of- the indicator 
cards. Jor oonstant injection advance angles,' the Ignition 
lag decreased with increasing ootano numbor by as much as 
50 percent. The maximum ignition lag, 12.5°, was for the 
No. 3 furnace oil having a ootano numbor of 29.9, and tho 
minimum lag, 6.0°, was for the commercial narino fuel oil 
having- a cotano number of 58.0. Injection of tho labora- 
tory or tho commercial marine fuol oil could bo rotardod to 
12° after top center before misfiring occurred; injection 
of the furnace, oil. however, could be retarded only to top 
center* Rates of pressure rise follow very nearly the var- 
iations of ignition lag; i.e., longer lags cause higher 
rates of pressure rise owing to groator accumulations of 
fuol at the timo of ignition. Although tho maximum cylin>- 
der pressure did not change groatly, tho highest valuo 
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occurred with, the fuel of lowest cetane number (Ho. 3 
furnace oil), as did. the roughest running and the harsh- 
est combustion sound. Ignition lag, then, is the factor 
controlling rates of pressure rise, maximum cylinder 
pressure, and combustion sound for a given rate of injec- 
tion. 

Ho engine-performance curves- arc presented for the 
several fuel oils because the moan effective pressures and 
tho fuel consumptions were the same for each fuol. Tho 
mean offoctive pressures and the fuel consumptions shown 
later (fig, 10) for undopod laboratory fuol oil are typi- 
cal of each of tho fuel oils being discussed. Tho various 
fuel oils with the samo injection advance angles but with 
different ignition lags gavo identical power outputs and 
fuel consumptions within tho limits of experimental accu- 
racy- Puol oils of low. cetane number, howovor, gave higher 
balanced cylindor pressures than fuel oils of high octane 
number. Table I shows that the maximum difference in heat- 
ing values of tho fuel-oil group is 3 percent, No. 3 fur- 
nace oil having tho lowest and laboratory fuel -oil having 
the highest values. Tho low heating value, however, did 
not reduce tho power because more of the fuel burned in 
tho early part of tho expansion stroke (as will bo seen 
later) to give a moro effective combustion cycle. The dif- 
ferences in the exhaust conditions were negligible forall 
the fuel oils. It is certain that, of the fuel oiis tested 
the fuol of highest cetane number did not givo a higher 
moan effoctive pressure or a lower fuol consumption but did 
givo smoother engino operation. 

Engine operation with tho Ho. 3 jfurnaco oil being too 
rough to be acceptable, tosts wore made with a 5-inch by . 
6-inch cylinder under conditions intended t o make tho oper- 
ation smoother. It was bolieved that tho rate of pressure 
riso por dogree and the roughness could bo reduced by in- 
creasing tho engine speod* As tho onglne' speed was in- 
creased from 1,000 to 2,400 r.p.m. (fig. 5) , tho angular 
rate of pressure rise tondod to decrease and the extreme 
roughness decreased to a slight roughness. Increasing the 
engine speed not only increases the angular velocity but 
also increases forcod air-flow voloclty in the combustion 
chamber. It is this increase in mixing air-flow voloclty 
that deoreasos the ignition' lag . and increases tho absolute 
rata of prossure rise. In a combustion chamber that uses 
forced airflow to mix tho fuel and the air, tho increased 
angular and air-flow velocities work against each other qs 
tho engino speod is increased; higher air-flow velocltios 
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tond to causo fast or fuol nixing and burning and groat or 
absolute ratos of prossuro riso, vhilo tho higher angular 
volocity causos a lovor rato of prossuro riso por dogroo. 
In a quioscont typo of combustion chamber, tho offoct of 
tho higher angular volooity should prodominato causing tho 
rato of prossuro riso por dogroe to decrease as tho ongino 
spood increases. 

Tho results of provious tosts (roforonoo 10) havo 
shown that smoother engino operation resulted fron incroasod 
inlet-air prossuro bocauso tho ignition lag and tho rate 
of prossuro riso voro docroasod. Tho docroaso in ignition 
lag is causod by tho increased hoat por unit voluno and tho 
greator rato of hoat transfer rathor than by tho higher 
temperature of the comprossod air. 

Tosts made at full-load fuol quantity with tho No* 3 
furnaco oil ovor a range of boost prossures t o 30 inchos of 
mercury gave the results shown in figure 6; i.o., the on- 
gino operation changed from Tory rough to slightly rough* 
As was expoctod, tho Ignition lag and tho rato of prossuro 
riso docroasod although, at boost prossures greater than 
10 inchos of morcury, the rate of pressure rise slightly 
incroasod, possibly bocause of too much injection advance, 
as borne out by tho rolativoly high (roforonoo 10) ratio 
of explosion prossuro to compression prossuro. In gonoral, 
the results indicato that higher engino rotative spoods 
and boost pressures improve smoothness of engino operation 
and permit tho use of fuel oils of rolativoly low cetano 
numbor, 

Tho ratos of pressure riso shown in figuros 5 and 6 
are unusually high. Such valuos aro gonorally associated 
with loud knock and extremely rough ongino operation. As 
noted on tho figures, roughness was encountered but not 
destructive conditions* 

( 9 

The decrease in roughness at the highor spoods, dospito 
the higher absolute ratos of prossuro riso shown, may be 
accounted for by .tho fact that thoro is considerably loss 
acceleration of tho prossuro-riso rate and that tho duration 
of tho poak prossuro is shorter* 



Doped 7uel Oils 

Tho indicator cards shown in figuros 7, 8, and 9 wore 
obtained for tho doped fuel oils. Apparently tho addition 
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of dope caused the break-away to become more gradual and 
smooth. (See figs. 4 and 7.) When the break-away oc- 
curred very early, as with the doped laboratory fuel (fig. 
9) , the pressure rise was practically an extension of the 
compression curve so that the pressure-rise .curve and the 
compression curve had a common slope. It is also worthy 
of note that the retarded-injection cards indicate more 
of a tendency to constant-pressure combustion when dopo is 

Table II includes the Ignition and tho combustion 
qualities of the doped fuel oils. .The addition of 1 per- 
cent of ethyl nitrate to tho Ho. 3 furnace oil increased 
the cotane number from 39.9 to 47. 7, The ignition lag and 
the rate of pressure rise decreased 13 and 23 percent, re- 
spectively; tho resulting operation was quite satisfactory 
The ignition qualities of tho laboratory fuel oil were 
good even without the addition of a dopo. Tho addition of 
2.5 percent of iso-anyl nitrate to the laboratory fuel oil 
increased the cotane number from 62.5 to 88.1. The igni- 
tion lag and the rate of pressure rise were decreased 23.5 
and 46.5 percent, rospoot Ively. The smoothness of opera- 
tion was further improved and the breakaway bocane very 
gradual (fig. 8). One dope of unknown composition that 
was submitted for test by a private investigator had prac- 
tically no effect on tho ignition qualities or on the en- 
gine performance whon addod to the laboratory fuol oil in 
proportions of 1 and 2 percent. Another private investi- 
gator submitted tetranitromethane as a fuel-oil dope; a 
4-percent addition to the laboratory fuel oil decreasod 
the ignition lag and the rate of pressure rise by 23 and 
35 percent, respectively. 

Of the four fuel dopes tested, throe failod to influ- 
ence either tho mean effective pressure or the fuel con- 
sumption. That is, although the added dope produced ear- 
lier ignition, It apparently produced neither earlier nor 
more complete combustion of the fuel -charge. Tho addition 
of 4 percent of totranitronethane , however, improved the 
brako mean effootivo pressure and the corresponding fuel 
consumption 3 percent. (See fig. 10.) The addition of 1 
or 2 percent' of the dope had practically ho effect. The 
increase in maximum cylinder pressure of about 25 pounds 
per square inch for the doped fuel was insufficient to 
cause the difference shown in performance* The investi- 
gator who submitted tho tetranitromethane stated that tho 
addition of 4 percent would be too expensive to bo commer- 
cially practicable. 
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Comparison of Ignition Characteristics 

Figure 11 gives a summary of the data on ignition lag 
and rato of pressure rise from table II plotted against 
cetane number. The curves aro straight lines and the 
slopes have the values that would bo expected from a vari- 
ation in cetane numbor. The points for the commercial 
marine fuel oil and for the gasoline-fuel oil mixture are 
farthest from the straight line. The variation of the ig- 
nition lag of the marine fuel oil is equivalent to only 1°, 
which is almost within the procision of the tests* The 
point for tho gasoline-fuel oil mixture is off the curve 
because maximum rato of pressure rise is not necessarily 
a function of cetano number* 

Tho fuol-oil dopes wore expected to act as combustion 
accelerators; that is, the dope would not only reduce tho 
ignition lag of a given fuel but would also cause more fuol 
to burn in the early part of the expansion stroke. Tho , 
effectiveness of combustion would be improved by decreasing 
late burning and tho power output should be- increased for 
a given fuel consumption. 'Engine tosts of tho fuels con- 
taining accelerators, however, showed little if any in- 
crease in power although the ignition lags did docroase. 

The results of the several combustion analyses are 
shown in figure 12 i the curves show that the ignition lags 
are decreasod by the fuel dopes, as was previously deter- 
mined diroctly from tho indicator cards. In spite of the 
difforont times at which Ignition occurs, tho variations 
in tho total amounts of fuol burned (or the variations in 
effectiveness of combustion) are small during the cycle. 
When the curves are shifted so that they all rise from the 
origin, the rates of burning of tho doped fuel oils aro 
soon to be slower than thoso for the undopod fuel oils; 
that is, tho rate of burning for sevoral degrees after ig- 
nition is slower for the doped fuol oils. Tho fuel oil 
with the longost ignition lag, No. 3 furnaco oil, gavo tho 
fastest rate of burning at all crank anglos. For all tho 
undopod and tho doped fuol oils, the combustion continues 
late in tho cycle and, at large loads, is conducive to a 
smoky exhaust. 



Gasoline as Auxiliary Fuel 

It was thought that a mixture of 25 porcont gasoline 
and 75 percent fuel oil (boo table I and fig. 13} would 
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evaporate faster than fuel oil alone and that more of the 
total fuel charge would hum earlier than for undoped 
fuels. She fuel oil was expected to ignite first, owing 
to its lower ignition temperature, hut the gasoline was 
expected to evaporate more quickly than the fuel oil and 
to produce hotter combustion during the early part of the 
expansion stroke. She cetane number of the mixture was 
42*4, however, compared with 62.5 for tho fuol oil alone 
and tho ignition lag in the engine was increased 17-1/2 
percent, possibly owing to the cooling action of the rap- 
idly evaporating gasoline. The rate of" pres"sur"e~rise de- 
creased 14 percent, tho maximum cylinder pressure decreased 
4 percent, and the combustion sound, unexpectedly, became 
very' low. 

The addition, of 25 percent gasoline to fuel oil 
greatly increased the fire hazard because, as table I 
shows, it decreased tho flash point from 236° ff. to below 
80° 3P. 

The ongine-perf ormance tost of the gasoline-fuel oil 
mixture showed that the moan effective pressure was 3 per- 
cent lower, than for fuol oil alone and that tho fuel con- 
sumption increased. As tho heating value of tho fuel mix- 
ture was the same as for a like weight of fuel oil, the 
effect of the gasoline must have been to causo slowor 
rather than faster burning with a consequent decrease in 
power. 

Mixed Injection of Alcohol and IFuel Oil 

Irom the indicator cards, of which figure 14 is rep- 
resentative, the addition of alcohol is seen to have in- 
creased the ignition lag by as much as 88 percent for the 
40-percent alcohol mixture. The cause of this largo in- 
crease may have been the cooling of the fuel and the air 
charge by evaporation of tho alcohol. As usual with in- 
creased ignition lags, the rato of pressure rise (fig* 15), 
the maximum cylinder pressure, and the roughness increased 
with increased percentages of alcohol until roughness be- 
came intolerable. A mixture of 80 percent alcohol and 20 
percent fuol oil could not be ignited at a compression ra- 
tio of 14.5. The spontaneous ignition temperature of fuel 
oil is about 500° P. and that of alcohol is about 1,025° T. 
(ref oronco 11) • The high ignition temperature required by 
alcohol and the excessive cooling of the fuel and air mix- 
ture by evaporation of the large percentage of alcohol 
must have been responsible for suppressing ignition. 
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Engino power. decreased and fuel consumption incroasod 
(fig. 16) as the proportion of alcohol was increased, es- 
pecially for mixtures with mora than 25 percent alcohol. 
3?ho boating valuo was 19,900 B.t.u. por pound for the fuel 
oil and 11,700 B.t.u. por pound for the 90 porcont pure 
alcohol so that power comparisons are moro fairly mado on 
a basis of equal heat input. On this "basis (fig. 15), tho 
uso of alcohol was moro favorablo; for conditions of no 
oxcoss air, the power romaincd practically constant with 
variations in tho percentage of alcohol. Of course, more 
total woight of fuol oil and alcohol is required, a fac- 
tor which alone procludos the use of alcohol in compres- 
sion-ignition engines for aircraft. 



Soparato Injection of Alcohol and Fuol Oil 

Tho addition of a small chargo of alcohol to tho 
fuel-oil chargo considerably lowered tho sound of combus- 
tion. At tho start of exhaust haso, a small addod chargo 
of alcohol slightly .incroasod the power and tho oxhaust 
became a whito smoko. For the 50 porcont alcohol and 50 
porcont fuol oil mixturo by weight, tho engine oporation 
was always rough. Vhon tho alcohol was injoctod either 
15° boforo the fuol oil or loading tho fuol oil by 293°, 
as during tho intake stroke, tho ongino oporation was rough 
and unstoady and the fuol-oll injection advance angle bo- 
oamo critical. Injection of tho alcohol 15° after tho fuol 
oil caused the oxhaust to become a whito smoko without in- 
fluencing power (fig. 17). 

Simultaneous injoction of fuol oil from both fuol 
valvos (fig. 2) gave lower brake moan offectivo pressures 
(fig. 17) than injection of tho samo fuol quantity from 
ono fuel valve (fig. 1) doubtless bocauso ovorrich rogions 
occurred at tho zonos of spray intorf oronco. For tho 
simultaneous injoction of fuel oil and alcohol, a similar 
intorf oronoe oocurrod and combustion was probably adversely 
influoncod. Comparison of performance, however, is consid- 
ered indicative. In the study of flguro 17, it should bo 
rononborod that tho air chargo is sufficient to roquiro 
but 0.00034 pound of fuol oil for complete combustion. At 
all ozoopt vory large fuol quantities, tho power is lower 
for tho half-alcohol and half-f uol-oil chargo 'bocauso of 
the lowor heating valuo of tho alcohol of givon chargo 
weight. 

It was believed that injection of alcohol on the in- 
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tako stroke night incroaso tho volunotric efficiency by 
cooling of tho inconing-air charge. Tolunotric efficiency 
tests showod that tho air charge was slightly loss, pos- 
sibly bocauso tho air flov into tho cylinder was obstruct- 
ed .by tho fuel spray and possibly bocauso tho alcohol 
ovaporatod quickly fron the hot ohambor walls to holp fill 
tho cylindor. Tho very oarly injootion of tho alcohol did 
r givo noro tine for vaporization and nixing with tho air 
charge and was advantageous, as ovldoncod by tho fact that 
tho naxinun power was higher by 4 porcont than for any 
othor condition of injection. 



CONCLUSIONS 



1* IPuol oils of high cetano nunbor gave no nore power 
than fuel oils of low cetano nunbor hut had loss ignition 
lag, lowor rates of pressure rise, and snoothor engine op- 
eration ovor a conplete load range at 2,000 r.p.n. 

2. Increased engine speeds and boost pressuros result- 
ed in snoothor engine oporation and permitted tho use of 
fuel oils of low cetane nunbor. 

3. Tuol dopes decreased Ignition lags and ratos of 
pressure riso and increased smoothness of engine opera- 
tion* The addition of 4 peroent tetranltronethane in- 
creased engine power by less than 3 percent ■ 

4. IPuol dopes inproved neither the oonpleteness nor 
the eff ootivoness of combustion* 

5. Alcohol as an auxiliary fuel, in general, decreased 
power as tho proportion of alcohol increased. Any increases 
in power obtainod by double injection did not oxcood 4 per- 
cent and woro obtained at tho pxponso of increased fuel 
consumption. Alcohol increased the igntion lag, the rate 

of prossuro rise, and tho roughness of operation. 



Langloy Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronaut ios, 
Langloy yield, Va. , June 23, 1939* 
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figure 15.- Effect of alcohol-fuel oil mixtures on several 
engine performance factors. 
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